Abstract-The work objective is to identify the content of acrylamide in bakery products through capillary electrophoresis. For identification, we used the "Kapel 105-M" capillary electrophoresis system with spectrophotometric detection. The study was targeted at bakery products made of top-grade wheat flour by traditional formulations (without additives) with seabuckthorn powder added in the quantities of 5.0 and 10.0%. Acrylamide was identified in the crust, in the layer under the crust and in the crumb of the products immediately after baking and after 24 hours of storage. Adding the sea-buckthorn powder in the amount of 5% into the bakery formulation decreases the acrylamide content in the crust and in the layer under the crust, and increasing its amount up to 10% causes formation of acrylamide with the maximum amount in the crust. In the course of storage of bakery products during 24 hours, the amount of acrylamide in bakery of traditional formulation with seabuckthorn powder additives decreases, especially in the crust and crumb.
I. INTRODUCTION
Bread and bakery products pertain to food products in which dangerous substance -acrylamide with carcinogenic and toxic effects is formed at the final production stagebaking, simultaneously with forming the sensory properties. Some monosaccharides and asparagine amino acid contained in fermented dough contribute to its formation; the temperature impact is higher than 200˚С when baked; the water content decreases at the final baking stage [1, 2] . The acrylamide content in bread and bakery products can vary within a large range -22-3,436 mg/kg, depending on the formulation, being prevalent in grain and rye bread and bakery products with a high content of fats [3] [4] [5] . It is possible to reduce its formation by regulating the technological process (fermentation duration, baking temperature, amount of steam when baked, type of ovens), by selecting formulations (flour type and grade, fats, salt), and by using asparagine predecessors -the glycine and cysteine aminoacids [6] [7] [8] .
The issue on the influence of plant components on acrylamide formation in bakery products remains unsolved. Plant components containing a complex of biologically active substances can both suppress and increase acrylamyde formation in bakery products, which refers to their quantitative and qualitative composition [9, 10] . Thus, the minimum acrylamide quantity in fried breadsticks is formed when 1 or 0.1% of bamboo leaf powder or green tea extract is added, respectively. What is more, bamboo leaf powder in the amount of 0.002 to 1% made a reducing effect, and the effect of 1 to 4.9% was augmenting. Such disposition was also admitted when green tea extract was used, but the acrylamide content started increasing when the extract was added in the amount exceeding 0.1% [11] . The main reason for this phenomenon is considered to be a very complex content of polyphenols contained in additives produced from vegetable raw materials. Polyphenols have different structures and functional groups which can react with acrylamide predecessors, with intermediate reaction links or with acrylamide itself, either by reducing its content or by contributing to its formation. Some of them can link carbonyl groups thus preventing acrylamide formation, while others will impede the acrylamide polymerization reaction in the baking process [10, 12, 13] . The acrylamide content as a final result of both positive and negative reactions depends on the prevalent reaction involving antioxidants, which can change with changes in the antioxidant concentration. The influence of the antioxidative activity (AOA) of the plant components on the decrease in acrylamide formation in bakery products remains controversial. For example, 2% cinnamon with AOA of 971.94 μmol Trolox/g added into gibbery resulted in an increase in acrylamide formation by 29%, and cloves with a lower AOA of 47.44 μmol Trolox/g decreased it by 17.3%. At the same time, coriander with AOA of 15.81 44 μmol Trolox/ g increased the acrylamide content in gibbery by 18.5% [14] . A certain role can be played by melanoidins also manifesting antioxidant properties, which can react at various stages of Maillard reaction [15] .
The most widespread methods for identifying acrylamide in food products, including bread and bakery products, are the chromatographic methods [5, 6, 14, 16] . Many authors consider a weak retention and deformation of the acrylamide peak in food products [17, 18] to be deficiencies of the chromatographic division. To increase the identification efficiency, the detection of bromo-derivatives of acrylamide on the electron capture detector may be used, which complicates such identification [16] . Using gas-liquid chromatography with mass-selective detection is more effective. But for efficient division, preliminary preparation of non-polar acrylamide derivatives, derivatization is requireddue to low concentrations in food products. Derivatization is time-consuming with a risk of analyte loss because of nonstability of the derivatives or due to interferences from the derivatization reagent [19, 20] . A more simple and effective method for acrylamide identification is considered to be capillary electrophoresis, which, when combined with ultrasound acrylamide extraction from the food matrix into a water solution, makes it an environmentally friendly method [21, 22] .
The work objective is to identify the acrylamide content by using the capillary electrophoresis method in different parts of bakery products (crust, under crust, crumb) of traditional formulations and with sea-buckthorn powder additives.
II. MATERIALS AND METHODS
А. Preparation of bakery products Bakery products were produced by using the straight dough procedure, the weight was 100 g, by the formulation, %: top-grade wheat flour (ash content 0.55%; gluten 28.9%); -100; granulated sugar -14.5; refined deodorized sunflower oil -14.5; common salt -1.5%. In bakery products with sea-buckthorn additives, 5 and 10% of wheat flour was substituted with sea-buckthorn powder [23] .
The bakery was made at a temperature of 220 о С during 20 minutes. After the bakery products were cooled down to the room temperature, identical samples underwent the specimen preparation procedure at once and after storage in polymer film during 24 hours. The crust, the layer under the crust with a thickness of 1 cm and the central crumb were separated from the bakery products. Such different parts of the bakery products were dried separately in a cupboard drier at a temperature of 50 о С until the constant weight was reached [21] .
В. Preparation of samples for the test Acrylamide was extracted from the component parts of the bakery products: 50% (by volume) with ethanol -5 ml per 300 mg of the grinded air-dried sample after homogenization -in the ultrasonic bath (250 Wt, 18 kHz) at 20 о С during 30 min. The extract was decanted and clarified by centrifugation (10 min., 3000 g).
С. Preparation of the instrument for operation
For acrylamide identification, the "Kapel 105 M" capillary electrophoresis system was used (NPF Lumex OJSC, Russia) with a quartz capillary having a diameter of 75 μm and length of 50/60 cm (effective/total). The capillary was washed before the sample was injected: 0.5 М HCl -5 min., water -5 min., 0.5 М NaOH -5 min., water -5 min., supporting dectrolyte -10 min. 50 мМ of sodium tetraborate, рН 9.2, was used as supporting electrolyte.
The capillary was thermostated at a temperature of 20 о С during 10 minutes. Detection was carried out at 202 nm. The detection threshold (signal: noise = 3:1) was 90 μg/kg. Hydrodynamic sample injection: 50 mbar/4 s.
Electrophoresis was conducted under the voltage of 10 kV. E-O converter marker (electroosmotic flow) -benzyl alcohol (99.9%), UAHIM, Russia. Acrylamide produced by Reanal, Budapest, Hungary, was used as reference substance.
D. Data processing The mass concentration of the component in the sample under analysis (Х) was calculated by the formula:
where k is the sample dilution coefficient; С is the acrylamide concentration determined by using the calibration graph, μg; m -sample weight, g.
The measurement result is represented in the following form: Х±Δ μg/kg (Х is the concentration of the component in the sample, μg/kg; Δ -the absolute error range in the identification, mg/g, with the confidential probability of Р = 0.90). The arithmetic mean of the results from three parallel identifications was taken as the final result of the test.
III. RESULTS AND DISCUSSION
А. Plotting the calibration graph To plot the calibration graph, a series of tests was performed on water solutions with different acrylamide concentrations.
The acrylamide samples were prepared on the microbalance C-31 Microbalance /CAHN, USA; accuracy class 7.
On electropherograms of acrylamide water solutions, irrespective of its concentration, the acrylamide peak was recorded on the 19th minute (Fig.1,2,3) .
The relative standard deviation between the measurement series was -10.2%.
On the basis of the data obtained, a calibration curve was plotted (Fig.4) , which had a linear dependence and complied with the equation: У = 0.0015Х, R2 = 0.9823. Method linearity -up to 3,000 μg/kg.
B. Acrylamide identification in bakery products In bread and bakery products, acrylamide is formed uniformly due to different heating modes for dough intermediates and different water loss in crust and crumb formation during the baking process [1, 2] . A small molecular mass of acrylamide with high solubility in water, combined with irregular distribution of water in bakery crumbs, with water migration during storage, enables us to suppose acrylamide migration. To confirm the supposed acrylamide migration in bakery products, the tests were carried out both in the crust, crumb and in the layer under the crust after cooling and after 24 hours of storage in package. The plant components (powders, extracts) added to bakery products, depending on their concentration, can either suppress or cause acrylamide formation in them [10, 11, 13] . Thus, the acrylamide amount was identified in bakery products enriched with sea-buckthorn powder in different quantities -5 and 10%.
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The electropherograms of bakery samples made by traditional formulations with sea-buckthorn powder had approximately the same appearance (Fig. 5,6,7) , both for the crust and crumb, and for the layer under the crumb, and the recorded peaks differed in their area. The results of the acrylamide content in the objects under analysis are presented in Table 1 . In all the samples under analysis, minor peaks of different intensities were recorded on the 19th minute (Fig.8) . Their intensity varied depending on the formulation and component part of the bakery product. The results of the acrylamide content in the objects under analysis are presented in Table 1 . a. Data are expressed as mean ± standard deviation (n = 3) on a dry matter basis.
The acrylamide content in different component parts of the bakery products cooked by traditional formulations was almost the same immediately after baking, especially between the crust and the crumb. А smaller amount of acrylamide is fixed under the crust layer on average by 13% compared to bark or crumb. The variations stayed within the experiment error range. Higher acrylamide content was recorded in comparison with wheat bread, as shown in the research works of other authors [5, 6] . The obtained acrylamide values stayed within the same limits as for breadsticks made of wheat flour for cooking which fats are used [11] . That confirms the influence of fats in the formulation and the weight of products on acrylamide formation.
More considerable changes in the component parts of bakery products were obtained after adding sea-buckthorn powder in different quantities. In bakery products with the addition of sea-buckthorn powder in amounts of 5.0% acrylamide prevailed in the crumb -290.7 μg / kg and in the crust -186.8 μg / kg. The smallest number recorded in the subcortical layer is 91.4 μg / kg. Differences in the amount of acrylamide between the parts ranged from 1.5 times between crust and crumb up to 3 times between crumb and subcortical layer in comparison with bakery products of the traditional formulation Adding 5% of sea-buckthorn powder in bakery products caused a decrease in acrylamide formation in the crust and under the crust 1.32 and 2.33 times, respectively. At the same time, its amount in the crumb was higher than in bakery products of traditional formulations -by 18.9%.
An increase in the amount of sea-buckthorn powder up to 10% caused acrylamide increase in the bakery products, which raised its amount 4.9; 2.2; 2.6 times, respectively, for the crust, the layer under the crust and the crumb as compared with the reference samples. It was found that the amount of acrylamide in the crust increased 6 times, in the subcortical layer -5.7 times, in the crumb -1.7 times compared with bakery products with 5% of the sea-buckthorn powder. Most of all acrylamide was formed in a crust -1,153.4 μg / kg. But whereas the acrylamide formation was uniform in the reference, it almost twice prevailed in the crust in the bakery products with 10% sea-buckthorn powder, where it was uniform under the crust and in the crumb. That proves the data of the other authors [10, 11, 25 ] that a high amount of polyphenols in plant components may cause an increase in acrylamide formation in bakery products.
After 24 hours of keeping the samples in polymer film, changes occurred in the acrylamide content (Table 2 ). b. Data are expressed as mean ± standard deviation (n = 3) on a dry matter basis.
In bakery products of traditional formulation, the amount of acrylamide was 121.7 μg / kg under the crust and 55.8 μg / kg in the crumb. After the storage of bakery products, the amount of acrylamide decreased 1.8 times times under and 4.4 times in the crumb compared to freshly baked bakery products. Before the storage of bakery products, acrylamide predominated in the crust and crumb, and after storage -under the crust. It may be associated with water migration from the internal crumb layers to the external ones during the bakery
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drying process, and with their subsequent volatilization from the surface.
The same tendency (reduction in the amount of acrylamide in bakery products after storage) was recorded for the bakery products with sea-buckthorn powder, with no dependence on its amount. Acrylamide was contained in both the crumb and under the crust in bakery products with sea buckthorn powder added in the quantities of 5.0% than in bakery products with sea buckthorn powder added in the quantities of 10%. Acrylamide prevailed in the subcortical layer of bakery products with 5% of sea-buckthorn powder, and in the crust and crumb its amount was almost the same. Acrylamide prevailed in the crumb in bakery products with 10% of seabuckthorn powder, compared with the subcortical layer and crust. The difference in the amount of acrylamide in the crumb and subcortical layer was insignificant, the statistical significance was absent. This could be due to the prevalence of water bound by biopolymers of sea-buckthorn powder, which prevented the migration of acrylamide along with water [25] . At the same time, in the crust of bakery products with 10% of sea-buckthorn powder, the amount of acrylamide was minimal compared to all the samples studied and was only 56.9 μg / kg.
After 24 hours of storage in the reference crumb sample and in the sample with 5% sea-buckthorn powder, the decrease in the acrylamide amount was the same -4.4 times, and in the sample containing 10% sea-buckthorn powder, the decrease was only 1.8 times. In the crust -vice versa, the greatest decrease in acrylamide was determined in the bakery products containing 10% sea-buckthorn powder -20 times for 24 hours of storage.
IV. CONCLUSIONS
The quantitative determination of acrylamide in bakery products can be carried out by capillary electrophoresis. The relative standard deviation between the series of measurements is 10.2%. It was determined that acrylamide formation in bakery products depends on their formulations. Adding sea-buckthorn powder in the amount of 5% into the bakery formulation reduces the acrylamide content in the crust and under the crust, and an increase in its quantity up to 10% contributes to acrylamide formation with its maximum amount in the crust. In the course of storage of bakery products during 24 hours, the acrylamide amount in bakery products of traditional formulations and in those with sea-buckthorn additives decreases, especially in the crust and crumb.
